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ABSTRACT: Salt-acclimated soybean plants had higher activities of glutathione reductase 
and of its related enzymes, ascorbate peroxidase, and dehydroascorbate reductase, than those of 
non-acclimated plants grown under the salt-stress condition. Those enzymes, which mainly 
distributed in different organelles under normal growth condition, became predominantly in 
cytosol under this adverse environment. Those H 2 O 2 scavenging enzymes might protect the 
plasma membrane of leaf cells from lipid peroxidation. The maintaining of integrity of plasma 
membrane of leaf cells by reduction of the lipid peroxidation might reduce the level ot ionic 
leakage out of cells, and so favors plants to adapt the salt-stress environment. Besides, the 
glutathione reductase also kept high ratio of GSH/GSSG in cytosol, rhe high ratio ot 
GSH/GSSG may have positive effects on plants to tolerate the salt-stress environment. 

KEYWORDS: H 2 O 2 scavenging enzymes. Lipid peroxidation, Membrane permeability, 
Ionic leakage 


INTRODUCTION 

The highly reactive oxidative substances, such as superoxide and hydrogen peroxide 
are formed in chloroplasts while plants are subjected to stress conditions, such as CO 2 
deficient (Egneus et al., 1973), chilling (Guy and Carter, 1984; Wise and Naylor, 1987), 
and air pollution (Heath, 1987; Mehlhom et al , 1986; Mehlhorn et al ., 1987). These 
oxidative molecules inhibit CO 2 fixing enzymes, photo-oxidize chloroplast pigments, 
and induce the lipid peroxidation of chloroplast membrane (Halliwell, 1982; Heath, 1987; 
Salin, 1988; Wise and Naylor, 1987). The superoxide radical can be converted to H 2 O 2 
by superoxide dismutase, and the H 2 O 2 can be decomposed by catalase (I aiz and Zeiger, 
1991) in plastids. However, an another anti-oxidant enzyme system, ascorbate peroxidase, 
dehydroascorbate reductase, and glutathione reductase, to scavenge H 2 O 2 was also been 
found in chloroplasts (Bielawski and Joy, 1986; Foyer and Halliwell , 1976; Joblonski 
and Anderson, 1982; Mahan and Burke, 1987; Nakano and Asada, 1981). 

It had been reported that catalase activity first increased with increasing of 
chlorophyll concentration in young leaf, and then decreased in mature leaf (Dhindsa et al ., 
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1981). The inhibitors of catalase can stimulate biosynthesis of glutathione (Smith, 1985) 
which is the substrate of glutathione reductase. The concentration of glutathione was also 
increased in a catalase-deficient mutant of barley (Smith et al , 1984). It seems that 
activity of the catalase is raised while the activity of glutathione reductase failed, and vice 
versa. Although the glutathione reductase may exist in cytosol as well as in the 
chloroplast, the enzyme activity in cytosol is lower than that in the chloroplast (Bielawski 
and Joy, 1986). Hyperbaric oxygen (Foster and Hess, 1982), low temperature hardening 
(de Kok and Olsterhuis, 1983; Guy and Carter, 1984), and water stress (Foyer et al ., 
1991;Gamble and Burke, 1984) enhance the activity of this antioxidant enzyme in 
plastids. The function of this H 2 O 2 scavenging enzyme in the chloroplast has been well 
characterized, whereas it is not so clear in cytosol of plant grown under the salt-stress 
condition. In this study, we attempt to figure-out the activities of the glutathione 
reductase and its related enzymes, ascorbate peroxidase and dehydroascorbate reductase, 
in scavenging H 2 O 2 in plants grown under the salt-stress condition, and its important role 
in salt-tolerant mechanism of plants. 


MATERIALS AND METHODS 


PLANT MATERIAL 

Four-day-old soybean seedlings (Glycine max. cv.Kaoshium #10)were transplanted to 
hydroponic culture system as described by Taiz and Zeiger (1991). The roots were 
immersed in one-fourth strength of Haogland nutrient solution and air was bubbled 
through the nutrient solution at a rate of 30 ml per min. The water potential of culture 
solution was adjusted to -0.8 MPa. 

A) . Acclimation of plants to salt-stress 

Plants were transferred successively from the nutrient solution of -0.8 MPa to lower 
water potential solution, -1.2, -1.6, -2.0, and fianlly -2.4 MPa at a 4-days intervals. 

B) . Non-acclimated plants 

Plants were transferred directly from -0.8 MPa to -1.2, or -1.6, or -2.0, or -2.4 MPa 
cultured solution after they have grown in solution at -0.8 MPa for 4, 8, 12, or 16 days 
respectively. The water potential of cultured solution in each growth condition were 
checked and adjusted daily to expected values as shown above by saturated NaCl solution. 
For those non-acclimated plants, the nutrient solutions for each growth system were 
replaced by fresh one at a four-day intervals. Plants were grown in growth chambers with 
a photoperiod of 16 hrs; at 28/21°C (day/night); and a light intensity of 200 p Einstein 

m"2 sec"l • Plants were harvested for assays at the end of each water potenital treatment. 

FRACTION OF CHLOROPLASTS AND CYTOSOL 

Chloroplasts were isolated as the procedures described by Gillham and Dodge (1986) 
with modification. Ten g of leaves were harvested and chopped with scissors into small 
pieces, and then homogenized in a Waring blender at high speed for 30 s at 4°C in 30 ml 
of the grinding medium containing 0.1 M Tris-HCl (pH 7.5), 0.25 M sucrose, 10 mM 



March, 1995 


Huang & Chen: Glutatione reductase and salt-tolerance 


23 


MgCl 2 , 1 mM CaCl 2 , 0.1 % polyvinylpolypyrrolidone (PVP). The homogenate was 
filtered through 3 layers of Miracloth, and the filtrate was then centrifuged the at 3000 x g 
for 10 min at 4°C- The supernatant fraction was saved for further preparations. The pellet 
was resuspend in 10 ml grinding buffer and centrifuged at 7000 x g for 1 min. The 
supernatant was saved and the pellet was resuspended in the above grinding buffer, and 
then layered over 20 ml of 20 to 60 % Percoll gradient in tubes, and centrifuged in a 
swing-bucket rotor at 7000 xg for 25 min at 4°C- After centrifugation, portions of the 
gradient upper and below the plastid band were removed carefully by a syringe. The 
gradient retaining chloroplast was washed twice with five volume of grinding medium to 
remove the Percoll. This chloroplast suspension was centrifuged at 7000 xg for 15 min. 
The supernatant was discarded and the pellet was referred as an intact chloroplast fraction. 

OSMOTICALLY-LYSIS OF CHLOROPLAST AND PREPARATION OF 
STROMA EXTRACT 

The lytic procedures were followed the method described by Robinson and Barnett 
(1988) with modification. The isolated chloroplasts were resuspended in a cold hypotonic 
solution containing 10 mM Tricine-KOH, (pH 7.8), 4 mM MgCl 2 , 1 mM Phenyl methyl 
sulphonyl fluoride(PMSF), and the solution kept at 4°C for 10 min to ensure complete 
lysis. The lysed chloroplasts were centrifuged at 40000 x. g for 20 min at 4°C. The 
supernatant was taken as the stromal extract for the assay of the activities of anti-oxidant 
enzymes. 

ASSAY FOR CHLOROPLAST INTACTNESS 

The percentage of chloroplast intactness was assayed according to methods described 
by Leegood and Malkin (1983). The rates of light dependent reduction of ferricyanide 
were measured after the addition of NH 4 CI with osmotically-shocked(A) and intact(B) 
chloroplast preparation in assay medium [0.33 M sorbitor, 2 mM EDTA, 1 mM MgC^ 1 
mM MnCl2, 50 mM Hepes-KOH (pH 7.6) and 3 mM K. 3 Fe(CN) 6 ]. The % of intactness = 
100 - 100[B/A]. The chlorophyll was extracted and determined as the method of Hipkins 
and Baker (1986). 

ENZYME PREPARATION AND ASSAY 

The supernatant fractions saved in above during the chloroplast preparation were 

pooled, and then centrifuged at 40,000xg for 15 min at 4°C. The supernatant was taken as 
cytosolic fraction and used for enzyme analyses after partial purification by precipatation 
with ammoinum sulfate. Solid ammmonium sulfate was dissolved slowly in 10 ml of 
supernatant to 50% of saturation (Clark and Switzer, 1977). The solution was kept at 4°C 
for 30 min, then the precipitate was collected by centrifugation at 10,000 xg for 10 min. 
The precipitate was dissolved in 5 ml of 0.1 M phosphate buffer, pH 7.0, and then 
dialyzed against 0.1 M phosphate buffer, pH 7.0, containing 2 mM mercaptoethanol for 
overnight at 4°C. After dialysis, the precipitate protein was removed by centrifugation at 
8000 xg for 10 min. This protein was dissolved in small amount of phosphate buffer and 
diluted to final volume of 1.0 ml, and was ready for the assay of enzymes. The protein 
content was determined by the method of Bradford (1976), and BSA was used as the 
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standard. Ascorbate peroxidase activity was assayed according to Asada, 1984 (ref. 
Klapheck et al. 1990) with a little modification. Two ml of reaction solution (final 
volume) contained 50 mM potassium phosphate (pH 7.0), 0.1 mM H 2 O 2 , 0.5 mM 
ascorbate, and 0.05 ml of enzyme extract. The reaction was initiated by addition of 
enzyme extract at 25 °C . The activity was determined from the decreasing in the 
absorbance at 290 nm as ascorbic acid peroxidized. Dehydroascorbate reductase was 
assayed following the steps described by Klapheck et a/.(1990) with little modification. 
Two ml of reaction mixture contained 50 mM phosphate buffer (pH 6.5), 5 mM GSH 
(reduced glutathione), 0.1 mM EDTA, and 0.5 mM dehydroascorbate, and 0.05 ml of 
enzyme extract. The activity of enzyme was determined as the rate of ascorbate formed 
from the increasing in absorbance at 265 nm. Glutathione reductase was assayed as the 
method of Dalton et al. (1986) with little modification. Two ml of reaction mixture 
contained 0.125 mM NADPH, 50 mM Tricine (pH 7.8), and 0.5 mM EDTA, 0.25 mM 
GSSG (oxidized glutathione), and 0.05 ml of enzyme extract. The activity of the enzyme 
was measured as the rate of NADPH oxidized from the decreasing in absorbance at 340 
nm. Correction for each assay in above was made for the nonenzymatic reaction rate. 

ASSAY FOR ASCORBATE GLUTATHIONE AND H 2 0 2 

Ten ml cytosolic fraction was treated wtih trichloroacetic acid (final concentration 
5%). Ten min later, the suspension was centrifuged at 6000 xg for 5 min. The ascorbate 
and glutathione in the deproteined extract was determined immediately. The ascorbate 
was determined spectrophotometrically as the method of Mukherjee and Choudhuri (1983) 
by the reaction with 2,4-dinitrophenylhydrazine. Glutathione was determined by using 
the unique reaction of with glutathione reductase. Two ml of incubation mixture 
contained 0.125 mM NADPH, 50 mM Tricine (pH 7.8), 0.5 mM EDTA, 0.1 ml plant 
extract, and 50 pi (1 unit) of yeast glutathione reductase. The reaction was started by 
addition of enzyme. The increase in absorbance at 412 nm was measured. A known 
amount of GSH was used to standardize. H 2 0 2 was determined by measuring the rate of 
H 2 0 2 decomposition. One ml of reaction mixture contained 50 mM phosphate buffer, pH 
7.0, 4 mM MgCl 2 , 0.1 ml plant extrat, 50 pi catalase (1 unit, Sigma). The reaction was 
initiated by addition of enzyme at 25 °C* The oxygen evolved was measured polaro- 
grahicallly with Clark-type oxygen electrode (Hippins and Baker, 1986). 

DETERMINATION OF IONIC LEAKAGE 

Ten leaf discs which harvested from acclimated and non-acclimated plants were 
incubated in 50 ml of KC1 containing 100 pCi of 86 Rb for two hrs. The discs were 
subjected to salt-stress treatments. After two hrs, those discs were removed and placed in 
5 ml of 50 mM KC1 for one hr. The radioactivity present in bathing solution was then 
determined by liquid scintillation spectrometry (Cooper, 1977). 

DETERMINATION OF LIPID PEROXIDATION 

Ten gram leaf material of acclimated and non-acclimated plants were harvested, 
respectively, and homogenized with Waring blender for 15 s in 50 ml of 0.1 M 
KH 2 PO 4 —KOH buffer, pH 7.5, containing EDTA (1 mg/ml). The homogenate was 
flittered through four layers of Miracloth. The filtrate was used for extraction and spectro- 
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photometrically assayed for malondialdehye (MDA), a product of lipid peroxidation, by 
using the procedures described by Heath and Packer (1968). The concentration of MDA 
was calculated by using its extinction coefficient of 155 mM -1 cm -1 


RESULTS 


The concentrations of hydrogen peroxide in cytosol of leaf cells were declined while 
the soybean plants were subjected to salt-stress treatments. As the data shown in Table 1, 
there 48.7 nmol g -1 fresh weight -1 of hydrogen peroxide in leaves of salt-acclimated 
plants was reduced while the water potential of nutrient solution was lowered from -0.8 to 
-2.0 MPa. The contents of hydrogen peroxide in non-acclimated plants were higher than 
in those acclimated ones. This was due to lesser amounts of hydrogen peroxide in leaf 
cells was decomposed under salt-stress condition. However, only 12.1 nmol g -1 f. wt -1 
hydrogen peroxide was reduced while the water potential was lowered from -0.8 to -2.0 
MPa in non-acclimated plant. The concentration of hydrogen peroxide in both leaf cells 
of acclimated and non-acclimated plants were all drastically reduced while the water 
potential of culture solutions was lowerer than -2.0 MPa. Soybean plants grown under 
this condition were severely wilted, and they were unable to recover even if they were 
transferred to initial cultured water potential, -0.8 MPa. 

The glutathione concentrations in leaf cells were also affected by salt-stress treatment. 
The reduced form of glutathione (GSH) in acclimated soybean plants was increased by 
salt-stress treatment until the water potential was lower than -2.0 MPa ( fable 2). The 
GSH content in leaf of non-acclimated plants was also initially increased with lowering 
the water potential from -0.8 to -1.2 MPa, the GSH content was then reduced by salt- 
stress. The oxidized form of glutathione (GSSG) content in both plants were raised and 
then failed while the water potentials were lowered from -0.8 to -0.16, and from -2.0 to 
-2.4 MPa, respectively. Overall, the GSH/GSSG ratio in leaf of acclimated plants were 
increased whereas the ratio in leaf of non-acclimated ones were reduced by salt-stress 
treatment. 

The activities of enzymes which directly or indirectly invovling in hydrogen peroxide 
degradation were assayed. As the data shown in Table 3, under the salt-stress condition, 
the activities of ascorbate peroxidase, dehydroascorbate reductase and glutathione 
reductase in acclimated plants were enhanced by the salt-stress treatments, but the 
activities of those enzymes in non-acclimated plants were irregularly fluctuated. Besides, 
their activities were much lower than those in acclimated plants. 

These three kinds of enzymes were found in plastid and cytosol (Table 4). Their 
enzyme activities were higher in chloroplastidic fraction than in cytosolic fraction while 
plants were grown under the water potential at -0.8 MPa condition. However, these 
enzymes in chloroplast became less significant than in cytosol of salt-treated plants. 
There were only 21%, 29% and 12% of activity of ascorbate peroxidase, dehydro¬ 
ascorbate reductase, and glutathione reductase detected in chloroplast whereas 79%, 71% 
and 88% of enyme activities were found in cytosol while plants were grown in solution of 
water potential at -2.0 MPa. 
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Table 1. Effect of salt-stress on the contents of hydrogen peroxide 
in leaf of acclimated and non-acclimated soybean plants. 



H 2 0 2 formed. 

nmol/g.f.wt. 

Water potential 

(MPa) 

Acclimated 

Non-acclimated 


a. 

-0.8 

81.1+3.2 

81.1+3.2 

b. 

-1.2 

70.9+2.2 

83.6+1.7 

c. 

-1.6 

58.5+2.8 

74.6+2.4 

d. 

-2.0 

32.4+1.8 

69.0+3.6 

e. 

-2.4 

7.7+1.9 

1.9+0.4 


S.D. For n=3. The water potentials were measured as described by Huang 
et al.. 1975. The steps of plant acclimation and non-acclimation to 
salt-stress treatments Are shown as following flow-chart; 

A. Acclimated plants; Plants were transferred from solutions of -0.8 MPa 
to nutrients at each water potential for 4 days(d)as shown followings; 

a. Control(-0.8 MPa) 

b. -0.8 MPa(4 d) => -1.2 MPa(4 d) 

c. -0.8 MPa(4 d)=> -1.2 MPa(4 d)=> -1.6 MPa(4 d) 

d. -0.8 MPa(4 d)=> -1.2 MPa(4 d)=> -1.6 MPa(4 d)=> -2.0 MPa(4 d) 

e. -0.8 MPa(4 d)=> -1.2 MPa(4 d)=> -1.6 MPa(4 d)=> -2.0 MPa(4 d)=> 2.4 

MPa(4 d). 

B. Non-acclimated plants; Plants were dkirectly transferred from nutri¬ 
ent solution at water potential of-0.8 MPa to nutrients at desired 
water potential as shown followings; 

a. Control (-0.8 MPa) 

b. -0.8 MPa(4 d)=> -1.2 MPa(4 d) 

c. -0.8 MPa(8 d)=> -1.6 MPa(4 d) 

d. -0.8 MPa(12 d)=> -2.0 MPa(4 d) 

e. -0.8 MPa(16 d)=> -2.4 MPa(4 d) 
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Table 2. Concentration of glutathione in leaf of salt-stress acclimated 
and non-acclimated soybean plants. 



Acclimated 


Non-acclimated 


Water 

GSH" GSSG b 

GSH/GSSG 

GSH GSSG 

GSH/GSSG 

Potential 

(MPa) 

(|imol/g. f .wt.) 

Ratio 

(nmol/g.f.wt.) 

Ratio 


a. 

-0.8 

0.96+0.02 

0.054+0.001 

17.78 

0.96+0.02 

0.054+0.003 

17.78 

b. 

-1.2 

1.29+0.03 

0.069+0.001 

18.69 

1.33+0.06 

0.067+0.003 

19.85 

c. 

-1.6 

1.88+0.05 

0.068+0.003 

27.69 

1.12+0.02 

0.077+0.001 

14.55 

d. 

-2.0 

2.06+0.03 

0.053+0.001 

38.87 

0.06+0.01 

0.005+0.002 

12.00 

e. 

-2.4 

0.39+0.02 

0.025+0.005 

15.61 

0.01+0.003 

0.001+0.0003 

10.63 


"Reduced glutathione 
b 0xidized glutathione 


Table 3. Activity of cytosolic ascorbate peroxidase, dehydroascorbate 
reducatase. and glutathione reductase in leaf of salt-stress 
acclimated and non-acclimated soybean plants. 



Acclimated 


Non-acclimated 


Water 

Potential 

Asc" 

Dasc b 

Gl c 

Asc" 

Dasc b 

Gl c 

(MPa) 

(nmol/g. 

f.wt.-30 min) 

(pimol/g.f.wt.-30 min) 

a. -0.8 

2.8+0.02 

6.0+0.05 

4.4+0.01 

2.8+0.02 

6.0+0.05 

4.4+0.01 

b. -1.2 

36.0+0.14 

7.5+0.01 

5.4+1.01 

10.0+0.03 6.8+0.77 

4.3+0.09 

c. -1.6 

38.5+0.09 

13.4+0.3 

6.6+0.84 

8.6+0.06 

5.7+0.21 

4.7+0.07 

d. -2.0 

42.0+1.11 

15.5+0.30 

7.8+1.16 

9.9+0.48 

10.3+0.29 4.9+0.06 

e. -2.4 

7.7+0.34 

4.9+0.22 

2.4+0.04 

1.1+0.05 

0.2+0.03 

0.4+0.01 


"Ascorbate peroxidase 
b Dehydroascorbate reductase 
c Glutathione reductase 
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Table 4. Distribution of ascorbate peroxidase, dehydroascorbate reduc¬ 
tase, and glutathione reductase in leaf of normal growth and salt- 
stress soybean plants. 


Compartment 

Chloroplast 

Cytosol 

Water potential 

-0.8 MPa -2.0 

MPa -0.8 MPa -2.0 MPa 

(MPa)/Enzyme 


(30 


Ascorbate peroxidase 

79 

21 

21 

79 

Dehydroascorbate reductase 

86 

29 

14 

71 

Glutathione reductase 

86 

12 

14 

88 


Table 5. Effect of salt-stress on ionic leakage of plasmalemma in leaf 
of acclimated and non-acclimated soybean plants. 



86 Rb 

(X of original tissue 

radioactivity) 

Water potential 
(MPa) 

Acclimated 

Nonacclimated 

- 0.8 

11.77+1.02 

11.77+1.02 

- 1.6 

19.06+2.11 

86.35+3.99 

- 2.0 

43.28+1.76 

97.01+3.47 
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Water potential. MPa 

Fig 1. Effect of salt-stress on the ipid eroxidation in leaf of acclimated and non-accli- 
mated soybean plants. Black column. Acclimated plants; White colum, Non-accli- 
mated plants. 



•O.S -1.2 -1.6 -2 -24 

Water potential, MPa 


Fig 2. Effect of salt-stress on the chlorophyll content in leaf of acclimated and non-accli- 
mated soybean plants. 



Water potential. MPa 

Fig 3. Effect of salt-stress on protein content in leaf of acclimated and non-acclimated soy¬ 
bean plants. 
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Plants subjected to the salt-stress treatment increased in the ionic leakage out of leaf 
cells. As the data shown in Table 5, the levels of ionic leakage out of leaf cells of non- 
acclimated plants were significantly promoted by the salt-stress treatments. There were 
86 %, 97% of 86 Rb were lost from cells while those non-acclimated plants were subjected 
to water potential, -1.6 and -2.0 MPa, respectively. However, ionic leakages were 
significantly decreased in salt acclimated plants. 

The levels of lipid peroxidation in leaf cells were also affected by the salt-stress 
treatment (Fig. 1). Althought lipid peroxidation occurred in both acclimated and non- 
acclimated plants, the higher concentration of lipid peroxidation product, malondialdehye 
(MDA), were detected in non-acclimated than in acclimated plants while the water 
potentials of cultured medium were lower than -0.8 MPa. However, the levels of lipid 
peroxidation were significantly increased either in acclimated or non-acclimated plants at 
salt-stress condition, e.g. the water potential lowered than -1.6 MPa. The levels of MDA 
were significant difference between in these two kinds of treated plants at water potentials 
-1.6 and -2.0 MPa, but the differences became less significant while they were grown at - 
1.2 and-2.4MPa (Fig. 1). 

The chlorophyll and protein contents in plants were also reduced by salt-stress 
treatments (Fig.2, 3). Although the concentrations of chlorophyll in acclimated and non- 
acclimated plants were drastically decreased by the salt-stress treatment at water 
potentials lower than -1.2 MPa, there were no much differences in chlorophyll content 
between in these kinds of treated plants at water potential lowered than -1.6 MPa (Fig. 2). 
The levels of protein concentration were sensitive to salt-stress treatment. There were 
significant differences in protein content between in acclimated and non-acclimated 
plants while the water potentials were lowered than -1.2 MPa. The differences were 
insignificant at water potential -0.8 and -2.4 MPa (Fig. 3). 


DISCUSSION 

Those plants which had been acclimated to low water potentials adjusted by NaCl 
contained lower hydrogen peroxide than the non-acclimated ones (Table 1). These data 
indicate that plants grown under the salt-stress condition could induce the hydrogen 
peroxide scavenging enzyme system to prevent plants from damaging by this highly 
oxidative hydrogen peroxide. It has been shown that hydrogen peroxide which was 
produced in chloroplasts during photosynthesis and in peroxisomes during photo¬ 
respiration were degraded by enzyme, catalase or peroxidase (Taiz and Zeiger, 1991). 
Other enzymes, ascorbate peroxidase, dehydroascorbate reductase, and glutathione 
reductase, were also found in cytosol (Table 4). These enzymes were mainly distributed 
in chloroplast of leaf cells while plants were grown under normal condition. However, 
most of those enzymes were detected in cytosol instead of chloroplasts while plants were 
grown under salt-stress condition. Therefore, these enzymes might have not an important 
role in scavenging the hydrogen peroxide in plastids, but they became significant 
important in anti-oxidation occurred in cytosol while plants were under salt-stress 
condition. In 1979, Chance et al ., reported that hydrogen peroxide produced during the 
photorespiration could easily diffuse out of glyoxysome into other cellular components. 
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This kind of hydrogen peroxide diffusion into cytosol might also happen to plastids, 
particularly, while plants were subjected to salt-stress treatment. Besides, the plastids 
may lose their function to remove hydrogen peroxide under salt-stress condition. 
Consequently, the envelope of plastids were damaged and the hydrogen peroxide finally 
diffused out of plastids into cytosol, and so, enhanced the activities of those enzymes in 
cytosol to remove or reduce this oxidant molecule before cellular damage was occurred. 
The loss of chloroplast activities by hydrogen peroxide may be reflected by the reduction 
of chlorophyll concentration as shown in Fig. 2. 

As the data shown in Fig. 1, the lipid peroxidation in leaf cells were occurred both in 
acclimated and non-acclimated plants grown under the low water potential condition. 
However, the levels of peroxidation were remained at lower levels in acclimated plants 
than in non-acclimated ones. Although acclimation of plants to salt treatment did not 
significantly reduce the levels of lipid peroxidation at high- and lower-water potentials (- 
1.2 and -2.4 MPa), it significantly reducded the levels of lipid peroxidation at water 
potential lower than -1.2 MPa, and higher than -2.4 MPa. The levels of the membrane 
permeability were correlated with the levels of lipid peroxidation. As the data shown in 
Table 4, there higher concentration of ^Rb was leaked out of cells while higher levels of 
lipid peroxidation occurred in leaf tissue (Fig. 1). This result indicated that acclimation of 
plants to the salt-stress treatment caused less harmful effect of hydrogen peroxide on the 
plasma membrane of leaf cells. Obviously, there were close correlation among the 
activities of anti-oxidant enzymes, concentration of hydrogen peroxide, levels of lipid 
peroxidation, and ionic leakage in plants grown under the salt-stress condition. 

The enzyme glutathione reductase caused leaf cells to contain high GSH/GSSG ratio 
(Table 2) in salt-acclimated plants. The lower the water potential of nutrient solution by 
adding NaCl, the higher ratio GSH/GSSG found in cytosol. On the contrary, the ratio was 
declined in cytosol of non-acclimated plants by salt-stress treatment. It has been known 
that GSH can protect thiol groups in enzymes from oxidation (Mahan and Burke, 1987). 
Therefore, glutathione reductase in cells of acclimated plants, in addition to scavenge 
hydrogen peroxide, reduce the levels of lipid peroxidation, also played an important role 
in protection of enzymes against peroxidation. All these functions of glutathione 
reductase and its related enzymes might enhance those acclimated plants to tolerate the 
salt-stress condition. However, all these functions of enzymes were lost while plants 
grown in salt-stress condition at water potential lowered than -2.0 MPa, because the 
plants had severely, irreversibly wilted under this condition. 
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